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(3) Endoscopic imaging system for diseased tissue. 

(g) Apparatus for imaging diseases in tissue 
comprising a light source for generating exci- 
tation light that includes wavelengths capable 
of generating characteristic autofluorescence 
for abnormal and normal tissue. A fibreoptic 
illuminating light guide is used to illuminate 
tissue with light that includes at least the exci- 
tation light thereby exciting the tissue to emit 
the characteristic autofluorescence. An imag- 
ing bundle collects emitted autofluorescence 
light from the tissue. The autofluorescence light 
is filtered into spectral bands in which the 
autofluorescence intensity for abnormal tissue 
is substantially different from normal tissue and 
the autofluorescence intensity for abnormal tis- 
sue is substantially similar to normal tissue. An 
optical system is used to intercept the filtered 
autofluorescence light to acquire at least two 
Altered emitted autofluorescence images of the 
tissue. The acquired images are displayed in 
real time on a display monitor in such a manner 
as to delineate abnormal and normal tissue. 
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This invention relates to an apparatus for imaging 
abnormal tissues in the body to locate and identify 
areas that are otherwise not recognizable by white 
light endoscopy. The invention is particularly suited 
for imaging abnormal bronchial tissues to detect con- 
ditions such as inflammation, denudation, dysplasia 
and non-invasive early cancer (carcinoma in situ). 

At present, the most effective method for exam- 
ination of body cavities in human patients is by endo- 
scopes. For examination of the air passages of the 
lung, a flexible endoscope is usually used, commonly 
referred to as a bronchoscope. Bronchoscopes, like 
all endoscopes, employs visible white light to illumin- 
ate the surface under examination. The illuminating 
light is brought into the air passages (bronchi) of the 
lungs via a fiberoptic illuminating light guide. The re- 
flected and scattered light from the bronchial tissues 
is captured by a projection lens which focuses the im- 
age into the bronchoscope's imaging bundle. The im- 
aging bundle is composed of several thousand indi- 
vidually wrapped fibers, which transmit a coherent im- 
age to the exterior of the body. This image is then pro- 
jected through the ocular of the bronchoscope for hu- 
man observation. A colour video camera can be at- 
tached to the eyepiece of the bronchoscope such that 
colour images of scattered/reflected white (broad- 
band) light can be viewed on a colour video monitor. 

Using a conventional bronchoscope, large inva- 
sive cancers can be readily seen. However, focal in- 
flammation, denudation, dysplasia, and early lung 
cancers cannot be readily seen by such an apparatus. 

Several methods have been developed to visual- 
ize small early lung cancers which are difficult to de- 
tect by ordinary white light bronchoscopy. All of these 
involve the use of tumour localizing drugs, e.g. Hae- 
matoporphyrin derivatives or Porfimer sodium, which 
have been shown to be preferentially retained in tu- 
mour tissues. Some of these drugs also fluoresce and 
their fluorescence can be detected by non-imaging 
and imaging devices (Profio AE et al., Med Phys 
6:532-535, 1979; Profio AE et al., Med Phys 11:516- 
520, 1984; Profio AE et al., Med Phys 13:717-721, 
1986; Hayata Y et al., Chest 82:10-14, 1982; Kato A. 
Cortese DA, Clin Chest Med 6:237-253, 1985; Mon- 
tan S et al., Opt Letters 1_0:56^58, 1985). The draw- 
back of these techniques is the use of drugs which 
may have serious side effects and therefore may not 
be appropriate for diagnostic purposes. In addition, 
the use of non-imaging devices such as the ratio flu- 
orometer probe (Profio et al., Med. Phys 1^:516-520, 
1984) cannot delineate the exact site and dimensions 
of the abnormal areas. 

An alternative approach for detecting invasive tu- 
mours has been proposed by Alfano et al in United 
States Patent 4,930,516 issued June 5, 1990. AJfano 
discloses a method of detecting cancers on the basis 
that the fluorescence spectra of cancerous tissues is 
different from normal tissues in that the maximal flu- 



orescence peak of tumour tissues is blue shifted to 
lower wavelengths (from 531 nm to 521 nm). These ob- 
servations were made based on in vitro measure- 
ments in excised, large (invasive) animal and human 

5 tumours but have not been reported on human tu- 
mours in vivo. In addition, there are no reports of other 
abnormal tissues such as inflamed or pre-cancerous 
tissues. We have measured tissue autofluorescence 
in human patients in vivo using different excitation wa- 

10 velengths including 405nm, 442nm, and 488nm by a 
specially designed optical multichannel analyzer 
which can be attached to a conventional broncho- 
scope. Contrary to the observation by Alfano et al., we 
did not find any difference in the shape of the fluores- 

15 cence spectrum between normal and tumour tissues 
using these excitation wavelengths. In particular, 
there was no blue shift of the emission peaks. We ob- 
served a significant difference in the overall fluores- 
cence intensity especially in the green region of the 

20 visible spectrum. A significant but a lesser decrease 
in the overall fluorescence intensity was also found in 
pre-cancerous and non-cancerous lesions (dysplasia 
and metaplasia). 

The decreased green fluorescence may be attrib- 

25 uted to a reduced level of oxidized form of riboflavin. 
Riboflavin emits strongly in the green region and is be- 
lieved to be predominantly responsible for the strong 
green fluorescence in normal human lung tissue, in 
the cancerous tissues, much less riboflavin was found 

30 (Pollack MA et al., Cancer Res 2:739-743, 1942) 
and/or is present in the reduced state. This may ac- 
count for the reduced autofluorescence in pre-malig- 
nant and malignant bronchial tissues. 

Tests were conducted revealing examples of 

35 such decreased tissue autofluorescence for dys plas- 
tic bronchial tissue, and carcinoma in situ. It was de- 
termined that the main difference between abnormal 
and normal tissues is manifested by a greatly reduced 
fluorescence intensity in the region of the spectrum 

40 from 480nm - 600nm. At wavelengths greater than ap- 
proximately 635nm, the tissue autofluorescence is 
approximately the same between abnormal and nor- 
mal tissues. Test were conducted using excitation 
light of 442nm, 405nm and 488nm and abnormal tis- 

4$ sue results were compared to normal tissue results. 
All of these data were obtained in vivo during standard 
fiberoptic bronchoscopy using the optical multichan- 
nel analyzer. 

Because of the observed large decrease in the 

so emitted fluorescence without a change in the spectral 
profile in the abnormal tissues, methods using ratioing 
of two or more wavelengths that was originally descri- 
bed by Profio and coworkers and then studied in pa- 
tients who have received fluorescent drugs such as 

55 Photofrin (Profio etaJ., Med. Phys. 1^:516-520, 1984) 
generally will not differentiate abnormal from normal 
bronchial tissues using autofluorescence alone. 
We have invented and constructed an apparatus 



2 



3 



EP 0 512 965 A1 



4 



which exploits differences in autofluorescence inten- 
sity for the detection and delineation of the extent of 
abnormal areas in the human body, particularly the 
lung. 

The present invention provides an imaging appa- 
ratus that uses autofluorescence characteristics of 
tissues to detect and delineate the extent of abnormal 
tissues in human patients in vivo. Capture and analy- 
sis of the autofluorescence images is achieved using 
a highly sensitive detector such as an image intensi- 
fied CCD camera. A pseudo image is generated by 
sending one image to the red channel and one image 
to the green channel of an RGB video monitor. By cap- 
turing the two images simultaneously or sequentially 
within a few milliseconds, pseudo image generation in 
real time can be achieved. The pseudo images can 
clearly delineate the diseased tissue from the sur- 
rounding normal tissue. 

Accordingly, the present invention provides an 
apparatus for imaging diseases in tissue comprising: 
a light source for generating excitation light 
that includes wavelengths capable of generating 
characteristic autofluorescence for abnormal and nor- 
mal tissues; 

means for illuminating tissue with light that in- 
cludes at least said excitation light thereby exciting 
the tissue to emit said characteristic autofluores- 
cence; 

collecting means for gathering emitted auto- 
fluorescence light from said tissue; 

means for filtering said autofluorescence light 
into spectral bands in which said autofluorescence in- 
tensity for abnormal tissue is substantially different 
from normal tissue and said autofluorescence inten- 
sity for abnormal tissue is substantially similar to nor- 
mal tissue; 

optical means for intercepting said filtered au- 
tofluorescence light to acquire at least two filtered 
emitted autofluorescence images of the tissue; and 

display means for displaying said acquired im- 
ages in such a manner as to delineate abnormal and 
normal tissue. 

In a preferred embodiment, the apparatus of the 
present invention is used with a standard broncho- 
scope for imaging abnormal bronchial tissues. 

Aspects of the present invention are illustrated, 
merely by way of example, in the accompanying draw- 
ings in which: 

Figures 1 a to 1 d provide examples of autofluores- 
cence spectrums at selected excitation wave- 
lengths which indicate the difference between ab- 
normal and normal tissue; 
Figure 2 is a schematic diagram showing the ap- 
paratus of the present invention useful for imag- 
ing abnormal lung tissue; 
Figure 3 shows details of the illumination module; 
Figure 4a shows the filtering and optical means of 
the present invention in which a single sensitive 



detector is used to acquire fluorescence images 
sequentially; 

Figure 4b shows alternative filtering and optical 
means in which fluorescence images are ac- 
5 quired simultaneously using two sensitive cam- 

eras; 

Figure 4c shows a still further filtering and optical 
means in which a prism element is incorporated 
to allow two fluorescence images to be acquired 
10 simultaneously together with a reflected/scat- 

tered excitation light image. 
Figure 1 shows examples of decreased tissue au- 
tofluorescence for dysplastic bronchial tissue and car- 
cinoma in situ. The main difference between abnor- 
15 mal and normal tissues is manifested by a greatly re- 
duced fluorescence intensity in the region of the spec- 
trum from 480nm - 600nm. At wavelengths greater 
than approximately 635nm, the tissue autofluores- 
cence is approximately the same between abnormal 
20 and normal tissues. For the results in Figure 1a and 
1 b, a 442nm Helium Cadmium laser light was used to 
excite the tissues. Figure la shows tissue autofluores- 
cence spectra of normal and dysplastic tissues and 
Figure 1b shows a carcinoma in situ (CIS) lesion com- 
25 pared to the normal tissue of a different patient Sim- 
ilar results were found when employing other excita- 
tion light, e.g. 405nm, Figure 1c and 488nm, Figure 
1d. In both cases carcinoma in situ patients are com- 
pared to their normal lung tissue. All of these data 
30 were obtained in vivo during standard fiberoptic bron- 
choscopy using an optical multichannel analyzer. 

The apparatus of the present invention is de- 
signed to exploit the difference in fluorescence inten- 
sity in different regions of the spectrum to identify and 
33 delineate abnormal tissue. 

The apparatus of the present invention adapted 
for use in examining bronchial tissues of the lung in 
patients is schematically illustrated in Figure 2. As 
such, the apparatus is integrated with a conventional 
40 bronchoscope used for examining bronchial tissue of 
the lung. 

There Is a light source 1 for generating excitation 
light that includes wavelengths capable of generating 
characteristic autofluorescence spectra for abnormal 

45 and normal tissue. The light source 1 is shown in 
greater detail in Figure 3 and preferably includes a 
laser light source 7 capable of producing excitation 
light at a selected desirable wavelength: A white light 
source such as an incandescent Xenon light source 

so 8 can be used for white light illumination when de- 
sired. The laser light source 7 is use to generate pseu- 
do images derived from tissue autofluorescence while 
the white light source is used to generate colour im- 
ages of reflected/scattered white light 

55 The light from each light source passes through 

synchronizing means that allow for alternate illumin- 
ation of the tissue by the laser light and the white light 
source. In the embodiment illustrated in Figure 3, the 

3 
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synchronizing means comprises blocking means in 
the form of electronically controlled shutters 9 and 13 
associated with laser light source 7 and Xenon light 
source 8, respectively. When shutter 9 is open to al- 
low laser light to pass, shutter 1 3 is dosed to prevent 
passage of white light and vice versa. The light from 
the laser light source 7 passes through shutter 9 when 
open, a mirror with a pin hole 10, and a lens 11 which 
focuses the laser light onto means for illuminating the 
tissue with light comprising a conventional broncho- 
scope light guide 12. Light guide 12 conducts the ex- 
citation light to the tissue area under examination. The 
tissue, upon illumination with the laser light, emits its 
characteristic autofluorescence for abnormal and nor- 
mal tissue. To generate regular white light illumination 
images, shutter 9 is closed and previously closed 
shutter 13 is opened to allow the light from Xenon light 
source 8 to pass through shutter 13. The white light 
is then filtered by a neutral density filter set 14, reflect- 
ed by a mirror 1 5, and passes through a lens 1 6 which 
focuses the light onto bronchoscope light guide 12 af- 
ter being reflected off mirror 10 and through lens 11. 
The neutral density filter set 1 4 is used to condition the 
light from the Xenon source such that it is of the ap- 
propriate intensity for the light sensors used in the ap- 
paratus. Thus the white light conducted to the tissue 
illuminates the tissue under examination. Light guide 
12 ensures that the light is evenly dispersed over the 
area under examination. 

In the present embodiment, the bronchoscope 
provides the collecting means to gather images in the 
form of the bronchoscope lens (not shown) which col- 
lects scattered and reflected light, or emitted auto- 
fluorescence light from within the lung for transmis- 
sion out of the body by imaging bundle 2 of the bron- 
choscope. This collected light is transmitted to a fo- 
cusing lens 21 of the bronchoscope ocular coupled to 
the imaging bundle. 

From the ocular of the bronchoscope, the collect- 
ed tight enters the image acquisition module 3 which 
includes means for filtering the autofluorescence light 
and optical means for intercepting the filtered light 
Various embodiments of image acquisition module 3 
are possible. 

Figure 4a illustrates an image acquisition module 
that includes filtering means and optical means that 
allow for acquisition of emitted autofluorescence im- 
ages sequentially. In this embodiment, the means for 
filtering the autofluorescence light comprises a series 
of filters that are sequentially insertable into the path 
of the emitted autofluorescence light to generate a se- 
quence of filtered autofluorescence images. Filter 
wheel 18 is provided and is rotatabiy mounted be- 
neath the optical means of the image acquisition mod- 
ule. When laser excitation light 7 is used, it is neces- 
sary to filter the autofluorescence light generated into 
at least two spectral bands. In one spectral band, the 
autofluorescence intensity for abnormal tissue is sub- 



stantially different from that of normal tissue and in the 
other spectral band, the autofluorescence intensity is 
substantially similar to that of normal tissue. For ex- 
ample, in accordance with the characteristic spectral 

5 bands indicated in Figures 1a to 1d for lung examin- 
ation, filter wheel 18 would be fitted with two filters. 
For laser excitation light of 442nm or 405nm, a green 
filter of 500+-20nm and a red 630nm longpass filter 
would be used. The green filter would filter the auto- 

10 fluorescence light into a spectral band in which the au- 
tofluorescence intensity for abnormal tissue is sub- 
stantially different from that of normal tissue while the 
red longpass filter would filter the light into a spectral 
band in which the autofluorescence intensity is sub- 

15 stantially similar for abnormal and normal tissue. The 
two filters are mounted in filter wheel 18 such that 
each covers one half of the fOter surface. By rotating 
filter wheel 1 8 at an appropriate speed, red and green 
filtered autofluorescence images can be captured se- 

20 quentiaily by optical means in the form of a single 
highly sensitive detector 17 such as an image inten- 
sified CCD camera. 

The foregoing image acquisition module also in- 
cludes additional optical means for capturing reflect- 

25 ed/scattered white light images when white light 
source 8 is providing illumination of the tissue. A mov- 
able mirror 20 is provided that is insertable into the 
path of the collected light transmitted by ocular lens 
21. Mirror 20 is positionable to deflect white light into 

30 a colour video camera 22 for acquisition of white light 
images. Necessarily, the movement of mirror 20 is 
controlled such that the mirror deflects the collected 
light into video camera 22 only when white light 
source 8 is providing illumination. Using white light 

35 source 8, colour images can be generated on a colour 
monitor in the same way as in conventional broncho- 
scopy. When laser light source 7 is illuminating the tis- 
sue, mirror 20 is removed from the light pass to allow 
for filtering of the autofluorescence light and subse- 

40 quent acquisition by detector 17. 

Figure 4b illustrates an alternative arrangement 
of image acquisition module 3 in which the optical 
means comprises at least two photodetectors that ac- 
quire filtered autofluorescence images simultaneous- 

45 ly. Each photodetector has associated filtering 
means. For simultaneous collection of autofluores- 
cence images, filter wheel 18 of the embodiment of 
Figure 4a is replaced by beam splitting means in the 
form of a dichroic mirror 24 which allows the red light 

so >60Onm to pass but reflects the shorter wavelengths. 
In this case, additional filters 25 and 26 for exact se- 
lection of the desired autofluorescence light can be 
employed and the respective images- are focused 
onto two independent sensitive photodetectors such 

55 as image intensified CCD cameras 17 and 23. In Fig- 
ure 4, filter 25 is a red 630nm longpass filter to further 
filter red light passed by dichroic mirror into a spectral 
band in which autofluorescence intensity is substan- 
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tiaJly similar for normal and abnormal tissue. Filter 26 
is a green filter of 5Q0+-20nm for filtering the auto- 
fluorescence light into a spectral band in which the au- 
tofluorescence intensity for abnormal tissue is sub- 
stantially different from that of normal tissue. Images s 
acquired by the image intensified CCD camera 17 
and/or image intensified CCD camera 23 are fed into 
red and green input channels of an RGB colour mon- 
itor 5 (Figure 1), 

As in the arrangement of Figure 4a, reflect- 10 
ed/scattered white light images created by white light 
source 8 are captured by a colour camera 22 and are 
displayed directly onto the colour monitor for visuali- 
zation of the examined site using an identical movable 
mirror 20 insertable into the light path whenever white 15 
light source 8 is providing illumination. 

Figure 4c illustrates a further embodiment of an 
image acquisition module for use with the apparatus 
of the present invention. A prism element 27 is provid- 
ed that simultaneously splits collected light into a piur- 20 
ality of directions. By alternating between laser light 
source 7 and white light source 8, it is possible to cap- 
ture sequentially both autofluorescence images and 
white light images within a 33 millisecond cycle time, 
therefore allowing a view of white (broadband) light 25 
colour images and pseudo fluorescence images at the 
same time on display means. 

A specially developed camera with three photo- 
detectors 28, 29 and 30 is provided. The prism 27 
splits the collected light into three images which are 30 
then captured by the three separate detectors. Pho- 
todetectors 28 and 29 comprise CCD imaging devices 
that are provided with associated image intensifies 
37 and 38 and photodetector 30 is a regular CCD im- 
aging device. Each photodetector has its own filter 32, 35 
33 and 34, respectively, as well as an x,y,z micropo- 
sitioner 31. Filters 32 and 33 are the same as in the 
previous embodiments: a 500+-20nm green filter 33, 
and a 630nm long pass filter 33. CCD imaging device 
30 has an associated broadband blue filter 34. 40 

As best shown in Figure 2, associated camera 
control electronics 4 are such that they generate three 
image signals, a red signal produced by red filter 32 
and intensified CCD imaging device 28, a green sig- 
nal produced by green filter 11 and intensified CCD 45 
imaging device 29 , and a blue signal produced by 
blue filter 34 and non-intensified CCD imaging device 
30. 

In all of the above embodiments, one can employ 
a specially designed CCD imaging device instead of so 
an image intensified detector. For example, particu- 
larly when a lesser spatial resolution is required, sev- 
eral pixels of a sensitive scientific CCD detector can 
be electronically combined into a single very large pix- 
el which allows very low signals to be detected. 55 

All or some of the image signals produced by the 
various image acquisition modules of the present in- 
vention may be displayed directly on colour monitor 5 



or processed by image processing means prior to dis- 
play. The apparatus of the present invention can 
switch between white (broadband) light illumination 
and laser illumination in one thirtieth of a second. 

Under laser illumination, the image acquisitio 
module of Figure 4c can collect autofluorescence im- 
ages of the tissue over two selected areas of the spec- 
tra and a blue scattered/reflected excitation light im- 
age ail simultaneously. These images can be com- 
bined either visually or mathematically via image 
processing means to make distinguishable the vari- 
ous tissue types present in the image. With white light 
illumination, the apparatus can collect red, green and 
blue reflected/scattered light images so as to make 
possible a regular colour image of the tissues. 

Furthermore, the colour image can be combined 
with the autofluorescence blue laser illuminated im- 
ages to enhance the detection, localization, and de- 
lineation of the various tissues. 

For different tissues and/or diseases, a different 
combination of filters is employed to enhance the dif- 
ferences between normal and diseased tissues based 
on the characteristic emitted autofluorescence light of 
the diseased tissue under study. 

As shown in Figure 2, the present invention is pre- 
ferably provided with image processing means in the 
form of an imaging board 35 associated with a com- 
puter 6 that controls and co-ordinates operation of the 
apparatus. Imaging board 35 allows images to be dig- 
itally captured if desired. Board 35 acts to digitize the 
filtered images provided by the image acquisition 
modules and enhance the digitized images by appli- 
cation of transformational algorithms to produce 
pseudo computed images in real time for display on 
video monitor 5. Alternatively, the digitized images 
can be stored in computer memory. 

The pixel values in the digitized images can be 
used to calculate a value for each image pixel, using 
a mathematical transformation, so that all pixels cov- 
ering the diseased tissue site are clearly different from 
those of the normal tissue. This process can be used 
to enhance the images, to enable the measurement 
of the degree of the disease, and make possible other 
applications and/or measurements. 

Several mathematical algorithms have been de- 
veloped that allow the creation of different computed 
pseudo images from the digitized emitted autofluores- 
cence images and scattered/reflected light images, 
provided the autofluorescence images are captured 
over the spectral areas that are characteristic and ap- 
propriate for the specific tissue disease. Examples of 
appropriate mathematical algorithms that can be pro- 
grammed and applied to the digitized images include 
hue, contrast and intensity functions, principle com- 
ponent decomposition algorithms, logarithm of differ- 
ences, and subtraction algorithms, all of which delin- 
eate normal tissues from the diseased tissues. 

One transformation which has been reported with 
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tumour localizing drugs (Profio, Med. Phys. 11^:516- 
520, 1 984) was found by us not to be useful for the im- 
aging method; with the exception of large invasive 
cancers, it often fails to reveal the abnormal areas. 

In a preferred embodiment of the present inven- 
tion, digitization of images and image processing is 
not required. By employing colour monitor 5 and the 
human visual system, it is possible to depict differenc- 
es between the normal and diseased site as differenc- 
es in perceived colour. 

When using the image acquisition module of Fig- 
ure 4b having two sensitive CCD cameras, one cam- 
era feeds the Red channel and the other feeds the 
Green channel of the RGB colour monitor 5. The red 
tissue autofluorescence of the abnormal and normal 
bronchial tissues is approximately the same. The 
green tissue autofluorescence is dramatically de- 
creased in the abnormal site compared to normal tis- 
sue. Therefore the abnormal site appears much less 
green and much more reddish and/or sandy colour 
compared to the surrounding normal tissue which 
looks bright green as green fluorescence is much 
more dominant than red fluorescence in normal tis- 
sue. This preferred embodiment allows visualization 
of the diseased sites in real time without any process- 
ing of the images and is therefore very inexpensive. 

The same result can be achieved using the single 
CCD camera and filter wheel of the image acquisition 
module of Figure 4a. In this case, two sequential red 
and green fluorescence images must be electronically 
combined at video rates to be fed as red and green in- 
put signals for an RGB monitor. 

Alternatively, two different spectral bands of tis- 
sue autofluorescence are acquired and interpreted as 
red and green signals for colour display on a colour 
monitor. This gives excellent pseudo images of in-, 
flamed tissue, dysplastic tissue and non-invasive can- 
cer; dearly delineating these tissues from normal tis- 
sue. The decrease in diseased tissue autofluores- 
cence, particularly in the green region, indicates the 
presence of the disease as well as the severity of the 
disease. 

If tumour localizing drugs are used, the apparatus 
of the present invention can be used to visualize small 
and large tumours. For example, for drugs such as 
Photofrin (Porflmer sodium), the same filters can be 
used as the drug emits fluorescence at peak values 
of 630nm and 690nm. In this case ail sites where the 
drug has localized will also be clearly delineated from 
the normal tissues. 

Although the present invention has been descri- 
bed in some detail by way of example for purposes of 
clarity and understanding, it will be apparent that cer- 
tain changes and modifications may be practised 
within the scope of the appended claims. 



Claims 

1. Apparatus for imaging diseases in tissue com- 
prising: 

5 a light source for generating excitation 

light that includes wavelengths capable of gener- 
ating characteristic autofluorescence for abnor- 
mal and normal tissue; 

means for illuminating tissue with light that 
10 includes at least said excitation light thereby ex- 

citing the tissue to emit said characteristics auto- 
fluorescence; 

collecting means for gathering emitted au- 
tofluorescence light from said tissue; 
15 means for filtering said autofluorescence 

light into spectral bands in which said autofluor- 
escence intensity for abnormal tissue is substan- 
tially different from normal tissue and said auto- 
fluorescence intensity for abnormal tissue is sub- 
20 stantially similar to normal tissue; 

optical means for intercepting said filtered 
autofluorescence light to acquire at least two fil- 
tered emitted autofluorescence images of the tis- 
sue; and 

25 display means for displaying said acquired 

images in such a manner as to delineate abnor- 
mal and normal tissue. 

2. Apparatus as claimed in claim 1 in which said dis- 
30 play means comprises a colour monitor and said 

optical means provides at least two images that 
are fed to said monitor as two different colour sig- 
nals to create a display image in which abnormal 
and normal tissue are recognized and delineated 
35 by changes in perceived colour. 

3. Apparatus as claimed in claim 1 in which said light 
source uses a laser light for generating required 
excitation light 

40 

4. Apparatus as claimed in claim 1 in which said light 
source includes a white light source for generat- 
ing white light images for collection, acquisition 
and display in combination with said autofluores- 

45 cence images. 

5. Apparatus as claimed in claim 4 including syn- 
chronizing means to alternate between illumina- 
tion of the tissue by said laser light and said white 

so light 

6. Apparatus as claimed in claim 5 in which said syn- 
chronizing means comprises blocking means as- 
sociated with each light source that prevents iilu- 

55 minationof the tissue by one of said light sources 

when illuminated by the other of said light sourc- 
es. 
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7. Apparatus as claimed in claim 6 in which said 
blocking means comprises a shutter. 

8. Apparatus as claimed in claim 1 in which said 
means for illuminating tissue is the optical light 
guide of a bronchoscope. 

9. Apparatus as claimed in claim 1 in which said col- 
lecting means is the imaging bundle and associ- 
ated focusing lens of a bronchoscope. 

10. Apparatus as claimed in claim 1 in which said opt- 
ical means is an imaging photodetector that ac- 
quires said filtered autofluorescence images se- 
quentially, said filtering means comprising a ser- 
ies of filters that are sequentially insertable into 
the path of said emitted autofluorescence iight to 
generate the sequence of filtered autofluores- 
cence images. 

11. Apparatus as claimed in claim 10 in which said 
photodetector is an image intensified CCD. 

12. Apparatus as claimed in claim 10 including addi- 
tional optical means for capturing white light im- 
ages when said white light images are being gen- 
erated comprising a movable mirror insertable 
into said collected light to deflect white light im- 
ages into a colour video camera. 

13. Apparatus as claimed in claim 1 in which said opt- 
ical means comprises at least two imaging pho- 
todetectors that acquire filtered autofluorescence 
images simultaneously, each photodetector hav- 
ing an associated filtering means. 

14. Apparatus as claimed in claim 13 including beam 
splitting means to direct said emitted autofluores- 
cence images to each of said at least two photo- 
detectors. 

15. Apparatus as claimed in claim 14 in which said 
beam splitting means is a dichroic mirror. 

16. Apparatus as claimed in claim 13 in which said 
photodetectors are image intensified CCD. 

17. Apparatus as claimed in claim 13 including addi- 
tional optical means for acquiring white light im- 
ages when said white light images are being gen- 
erated comprising a movable mirror insertable 
into the path of said collected light to deflect white 
light images into a colour video camera. 

18. Apparatus as claimed in daim 1 in which said opt- 
ical means comprises a prism element for simul- 
taneously splitting said collected light into a plur- 
ality of directions with associated filtering means 



and photodetector means to capture said light in 
each of said directions. 

19. Apparatus as claimed in claim 1 including image 
5 processing means comprising: 

digitizing means to digitize the filtered 
emitted autofluorescence images; and 

image enhancing means for enhancement 
of said digitized images by application of transfor- 
10 mation algorithms to produce pseudo computed 
images in real time. 

20. Apparatus as claimed in claim 19 including mem- 
ory storage means for storing the digitized im- 

15 ages. 

21. Apparatus as claimed in claim 19 in which said 
image processing means comprises an image 
processing board in a computer. 

20 

22. Apparatus as claimed in claim 19 in which said 
memory storage means comprises computer 
memory. 
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